Epidermal growth factor receptors (EGFRs/HERs) and downstream signaling pathways have been implicated in the pathogenesis of several malignancies including breast cancer and its resistance to treatment with chemotherapeutic drugs. Consequently, several monoclonal antibodies as well as small molecule inhibitors targeting these pathways have emerged as therapeutic tools in the recent past. However, studies have shown that utilizing these molecules in combination with chemotherapy has yielded only limited success. This review describes the current understanding of EGFRs/HERs and associated signaling pathways in relation to development of breast cancer and responses to various cancer treatments in the hope of pointing to improved prevention, diagnosis and treatment. Also, we review the role of breast cancer stem cells (BCSCs) in disease and the potential to target these cells.
Introduction
Breast cancer is one of the most common cancers among women (Dimitrakopoulos et al., 2015) . The possibility of having breast cancer is high if there is a family history of breast cancer, especially if a close relative such as a mother, sister or daughter has been diagnosed with breast cancer at a premenopausal age (Ruddon, 2007; Shiovitz and Korde, 2015) . There were an estimated 494,000 new cases of breast cancer diagnosed in Europe and about 1.67 million worldwide in 2012 (Lyon and France, 2013) . The occurrence of breast cancer around the world is predicted to increase to 2.3 million by 2030, although mortality rates in western countries are declining due to earlier detection and effective adjuvant treatment (Twelves and Stebbing, 2012) .
The contribution of genetic factors in breast cancer is estimated to be about 5% of all cases but approximately 25% of cases are diagnosed with an early onset of the disease before the age of 30 years (Miki et al., 1994) . Aberrations in several signaling pathways have been pathologically implicated in the development of carcinomas of the breast. Among them, the pathway involving dysregulation of the human epidermal growth factor receptor (HER) family of proteins plays crucial role in breast cancer. For instance, the over expression of epidermal growth factor receptor, EGFR (HER1) and HER2 genes , which are members of HER family receptors, have been causally implicated in
MINI-REVIEW

Understanding EGFR Signaling in Breast Cancer and Breast Cancer Stem Cells: Overexpression and Therapeutic Implications
Ibrahim O Alanazi 1 *, Zahid Khan 2 breast cancer (Ruddon, 2007; Bouchalova et al., 2009 ). HER1 expression is detected in about 40% of breast cancer (Bouchalova et al., 2009 ) while amplification or the over expression of the HER2 gene occurs in up to 25-30% of patients with breast cancer (Slamon et al., 1987; Vandevijver et al., 1988; Baselga, 2001; Basu, 2008) . Over expression of HER1 and HER2, which are preferred interacting partners for dimerization in breast cancer, is associated with a poorer clinical prognosis and predicts a bad response to endocrine therapy (Valdehita et al., 2012) .
HER1/HER2 Receptors and Activated Pathways
HER1 is a single chain transmembrane polypeptide protein that consists of three domains. These domains are the extracellular, transmembrane and intracellular tyrosine kinase domains. The extracellular domain permits binding of ligands to activate the receptor for intracellular signaling. The transmembrane domain engages in homodimerization between HER1 receptors and heterodimerization with HER2, which is a preferred partner for dimerization in breast cancer as depicted in figure 1. The intracellular tyrosine kinase domain has a carboxyl-terminal tail containing tyrosine autophosphorylation sites (Kamath and Buolamwini, 2006; Huang and Fu, 2015) . The phosphorylation of specific tyrosine residues within the activated receptor creates binding sites for adaptor proteins that contain Src homology 2 and phosphotyrosine binding domains (PTB) (Kamath and Buolamwini, 2006; Normanno et al., 2006) . These proteins activate a large number of signal transduction molecules such as protein kinase B (PKB or AKT), tyrosine kinase Src, c-Jun Kinase, stress-activated protein kinase and signal transducer and activator of transcription (STATs) (Kamath and Buolamwini, 2006) and subsequent stimulation of downstream signaling pathways such as PI3K/Akt, Ras/ Raf/Mek/Erk, PLCγ 1/PKC, and STAT pathways (Brand et al., 2011; Huang and Fu, 2015) as can be seen in figure 2. Activation of these signaling cascades may lead to a variety of cellular responses such as proliferation, survival, differentiation and cell motility.
HER1 and HER2 in cancer
HER1 has been proposed as a potential anticancer target since 1980s. Enormous clinical data indicate the implication of HER1 and HER2 in carcinogenesis and have supported the validity of targeting HER1 and HER2 for cancer chemotherapy. The expression of HER1 ranges from 40,000-100,000 receptors per cell in normal cells (Carpenter and Cohen, 1979) , while the expression of HER1 in common solid tumors including breast cancer is up to 2 million receptors per cell (Ennis et al., 1991) . The dysregulation of HER1 signaling pathway leads to carcinogenesis by various mechanisms including receptor and ligand overexpression, deficiency of specific phosphatases, decreased receptor turnover and altered dimerization process (Kondapaka et al., 1997) . Amplification of HER2 gene in breast cancer can range from 25 to 50 copies with up to 40 to 100 fold increase in HER2 protein resulting in 2 x10^6 receptors expressed at the cell surface of the tumor (Iqbal and Iqbal, 2014) . The dysregulation of HER2 involves an excess of signals that stimulate cancer cells to grow and spread (Slamon et al., 1989) .
HER1 And HER2 detection
Breast cancer can be classified based on its receptor status. This includes hormone receptor status such as progesterone (PR) , estrogen (ER) receptor and epithelial growth factor receptor 2 (EGFR2/HER2). These receptors can be used as therapeutic targets as well as prognostic markers (Schulz et al., 2009; Brennan and Lim, 2015) . Three main approaches can be used to identify the type DOI:http://dx.doi.org/10.7314/APJCP.2016.17.2.445 Understanding EGFR Signaling in Breast Cancer and Stem Cells: Overexpression and Therapeutic Implications of breast cancer based on the receptor status. One of these approaches utilize immunohistochemistry (IHC) assay that measures the receptor status in tumors (Zaha, 2014) . IHC is capable of measuring the production of HER2 protein in tumor (Menard et al., 2003; Schulz et al., 2009 ). Several antibodies have been used to determine the over expression of HER2 such as CB11 clone (Rhodes et al., 2002; Madrid and Lo, 2004; Iorio et al., 2005) , rabbit anti-human polyclonal antibody A0485 (Gancberg et al., 2002; Rhodes et al., 2002; Schulz et al., 2009) and HercepTest, while the expression of HER1 can be detected using monoclonal antibody 31g7 . All of these antibodies have been approved by United States Food and drug Administration (U.S. FDA) for therapeutic applications (Marquez et al., 2004) . The scoring system of IHC is based on the staining intensity of tumor cells ranged between 0 and 3+ (Gancberg et al., 2002; Rhodes et al., 2002) .
The staining score of HER2 tumor cells is 2+ or 3+ while non HER2 tumor cells score is between 0 and 1+ (Madrid and Lo, 2004) . IHC approach is faster and more economical to use but it could account for the some false-positive results that have to be verified with another approach such as fluorescence in situ hybridization (FISH) (Rhodes et al., 2002) . FISH, which is a molecular method, is capable of detecting the level of HER2 gene amplification using fluorescent probes to look at the number of the HER2 gene copies (Madrid and Lo, 2004) . Because the FISH technique is labor-intensive and expensive, Chromogenic in situ hybridization (CISH) can be used as a valid alternative to FISH. CISH is more economical to use and its method less cumbersome. CISH can be utilized to detect the over expression of HER2 and HER1 genes using a robust unique-sequence probe (Madrid and Lo, 2004; Marquez et al., 2004) .
HER1 and HER2 as therapeutic targets
A range of approaches can be utilized to target HER1/ HER2 receptors including monoclonal antibodies (MAbs). These antibodies bind to the extracellular domain of the receptor and interfere with the binding of endogenous ligands that activate these receptors. Another class of compounds called small molecule inhibitors acts by binding at the intercellular tyrosine kinase domain to inhibit the kinase activity as shown in figure 3. These approaches are mainly popular and explored for chemotherapy against cancers that overexpress HER1 and HER2 receptors. HER1 can be activated to initiate multiple Table 1 downstream signaling pathways (Prenzel et al., 2001; Ettinger, 2006) . Thus, HER1 signaling can be targeted in several ways either at the receptor level or by blocking the specific downstream pathway. To date there are no known ligands that can bind HER2 receptor (Harris et al., 2003) . In addition HER2 receptor is the preferred dimerization partner for all HER family receptors (Tai et al., 2010) . Consequently, several therapeutic drugs against HER2 targeting the extracellular domain and the intracellular tyrosine kinase domain as well as HER2 dimerization and downstream signaling pathways are in use or being developed (Prenzel et al., 2001; Schramm et al., 2015) . Table 1 shows different targeted therapy including MAbs and small molecule inhibitorsfor HER1 and HER2.
A-Monoclonal antibodies
Anti-HER1 Antibodies: The use of HER1-specific MAbs to block HER1 receptor was the earliest approach for targeting aberrant HER1 signaling (Mendelsohn, 2000; Dhomen et al., 2012) . Several ligands such as epidermal growth factor (EGF) and Transforming Growth Factor α (TGFα) bind to HER1 . Molecules such as MAbs bind to extracellular domain of HER1 and prevent these ligands from binding to HER1 with similar affinity that results in blocking the signaling cascade (Herbst and Bunn, 2003) .
MAbs against HER1 has been demonstrated to enhance antitumor activity in synergy with conventional anticancer therapies (Fan et al., 1993; Mendelsohn, 1997) . Several MAbs has been developed for trageting HER1 such as Cetuximab and Panitumumab.
Cetuximabis an immunoglobulin (Ig) G1 humanmurine chimeric counterpart of the murine monoclonal antibody M225 which binds HER1with a 2-log higher affinity compared with the natural ligands EGF and TGF-α (Martinelli et al., 2009) . Cetuximab binds to HER1 and promotes receptor internalization. Consequently, the receptor degradation occurs without receptor phosphorylation and activation. The down regulation of the receptor leads to the reduction of HER1 availability on the cell surface preventing the activation of HER1 and downstream signaling pathways (Martinelli et al., 2009) . Cetuximab is capable of inhibiting the progression of cell cycle at the G0/G1 boundary and increasing the expression of cell cycle regulator p27KIP1 (Martinelli et al., 2009) . Also, its antitumor activity can be attributed to its ability to induce apoptosis by increasing the expression of pro-apoptotic proteins such as caspase-3, caspase-8 and caspase-9 (Mayo and Donner, 2001) or by inactivation of anti-apoptotic proteins such as Bcl-2 (Gingras et al., 1998) . Cetuximab has been approved by FDA for the treatment of metastatic colorectal cancers with high level of HER1 expression. However, this drug has major side effects including high cost, short t1/2, toxicity, emergence of resistance (Foy et al., 2013) , fever, nausea, elevation of liver enzymes skin reactions and allergies (Kamath and Buolamwini, 2006) . Panitumumab (ABX-EGF) is a fully human IgG2 monoclonal antibody targeting HER1 extracellular domains. It was developed by Abgenix's XenoMouse technology and offers effective high affinity therapy (Kd = 5 × 10 −11 M) with a minimum rate of anaphylaxis or allergic reactions (Mendez et al., 1997) . It has higher binding affinity to HER1 receptor than cetuximab. Panitumumab unlike cetuximab, mediates its effect through mechanisms other than antibody-dependent cellular cytotoxicity (ADCC). Furthermore, it is being evaluated as monotherapy in patients with advanced solid tumors and metastatic colorectal cancer (CRC). Also, the combination of panitumumab with chemotherapy is used for various unresectable or recurrent cancers such as breast and ovarian cancers (Ettinger, 2006) . Anti-HER-2 Antibodies: HER2 has been successfully targeted in different cancers including breast cancer (O'Sullivan et al., 2015) . The extracellular domain of HER2 is being targeted in order to prevent receptor activation. A number of monoclonal antibodies such as trastuzumab and Pertuzumabwould bind to the extracellular domain of HER2 to suppress its activity by preventing phosphorylation of the tyrosine kinase domain and then preclude the initiation of downstream signaling pathways (Iqbal and Iqbal, 2014) .
Trastuzumab (Herceptin) is a humanized monoclonal antibody that binds to the extracellular domain of HER2. A number of mechanism of Herceptin actions include inhibition of PI3K-AKT pathway , inhibition of HER2 shedding, attenuation of cell signaling, inhibition of tumor angiogenesis and antibody-dependent cellular cytotoxicity (Kute et al., 2004) . However, Herceptin is not capable of preventing heterodimerization of HER2 with other HERs (Cho et al., 2003) . Furthermore, Herceptin administration can result in several adverse effects with the most common being vomiting, diarrhea, fatigue, headache, rash, infusion reactions, neutropenia, and anemia (Iqbal and Iqbal, 2014) . Additionally, serious undesirable effects include infusion reactions, febrile neutropenia, cardiomyopathy and pulmonary toxicity. Clinical trials in advanced metastatic breast cancer patients exhibit that the combination of Herceptin and Trastuzumabemtansine (T-DM1) which is an antibody drug conjugate composed of a maytansinoid derivative (a very potent microtubule destabilizing agent) is a vastly effective treatment with a very favorable safety profile (Burgess et al., 2014) . T-DM1 inhibits cell signaling through the phosphatidylinositol 3-kinase/AKT pathway, inhibits HER2 shedding and induces antibodydependent cellular cytotoxicity (Welslau et al., 2014) .
Ado-trastuzumabemtansine is an antibody-drug conjugate that comprise the monoclonal antibody trastuzumab connected to the cytotoxic agent mertansine (DM1). It offers a novel mechanism for overcoming trastuzumab resistance to HER2-positive metastatic breast cancer patients by utilizing trastuzumab to target the cytotoxic activity of DM1 to HER2 overexpressing cells. In a study by Verma et al., Ado-trastuzumabemtansine has been shown to extensively prolong progression-free as well as general survival with minimum toxicity than the combination of lapatinib and capecitabine (Verma et al., 2012) . The United States FDA approved Adotrastuzumabemtansine for the treatment of HER2 positive metastatic breast cancer patients who earlier received trastuzumab and a taxane, either separately or in combination. However, this drug causes side effects such as elevated transaminases, constipation, headache, DOI:http://dx.doi.org/10.7314/APJCP.2016.17.2 
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thrombocytopenia, fatigue, nausea, musculoskeletal pain and musculoskeletal pain (Amiri-Kordestani et al., 2014) .
Pertuzumab is a humanized monoclonal antibody that binds the extracellular domain of HER2 and subsequently blocks the activation of the HER2 by hindering dimerization. The binding of Pertuzumab to HER2, unlike Herceptin, is predicted to block the region necessary for HER-2 dimerization with other HERs. Pertuzumab can prevent autocrine and pancrine produced ligands from inducing HER-2 on heterodimers (Agus et al., 2002) . In addition, Pertuzumab is effective in treating tumors sensitive to Herceptin (Nahta et al., 2004) . Clinical trials reveal that pertuzumab in combination with Herceptin and taxotere is greatly effective as a first-line treatment in patients with metastatic breast cancer (Burgess et al., 2014) .
Tyrosine Kinase Inhibitors (TK-I): HER1 and HER2 tyrosine kinase domains are located within cell membrane which can be represented as a potential therapeutic target. Transphosphorylation and activation of the tyrosine kinase domain of HERs can be prevented using small molecules (Herbst and Bunn, 2003; Sergina et al., 2007) . These molecules inactivate the tyrosine kinase domains which leads to suppression of downstream signaling pathways (Ettinger, 2006) . Clinical research demonstrate that the level of phosphorlyation is associated with prognosis and hence making this target of interest (Kanematsu et al., 2003) . Depending on the tyrosine residues of HER1and HER2 the site is either accessible or not, or has physicochemical properties that may be important enough for the design of specific inhibitors against diverse kinases. Several small molecule inhibitors including gefitinib (ZD1839, Iressa), erlotinib (OSI-774, Tarceva) and lapatinib have been developed and being used as anti-HER1 and/or anti-HER2 therapeutic agents in cancers overexpressing these receptors.
Gefitinib has a small molecular weight and can inhibit HER1 tyrosine kinase activity with highly selective and reversible manner. It acts as competitive inhibitor of adenosine triphosphate binding to this receptor. Gefitinib is capable of inhibiting proliferation of cells overexpressing HER1 and HER2 by reduction of HER1/HER2 heterodimer phosphorylation (Anderson et al., 2001) . A number of studies reveal that 1uM of gefitinib treatment leads to the lossof phosphorylated HER1 in the acquired tamoxifen-resistant TAM-R cell line and inhibition of phosphorylation of the principle HER1 heterodimerization partner in these cells, HER2. This was demonstrated using western blotting and immunocytochemistry. The phosphorylation of MAPK was noticeably depleted as a result of this agent in TAM-R cells. This concentration of gefitinib reduced proliferation extensively by roughly 60% (Nicholson et al., 2002; Knowlden et al., 2003; Nicholson et al., 2004) . This drug was approved by the U.S. FDA for clinical use in cancers overexpressing HER1.
Lapatinib, an orally active TKI which act as a potent dual inhibitor for HER2 and HER1 pathway. It was approved by U.S. FDA to be used in combination with capecitabine in patients who developed metastatic breast cancer and whose tumors overexpressed HER2, specifically who received previous therapy including trastuzumab, anthracycline and a taxane. This combination therapy was not associated with an increase in toxic side effects (Geyer et al., 2006) . However, T-DM1 has superior efficiency and tolerability than capecitabine plus lapatinib (Welslau et al., 2014) .
Neratinib is an oral irreversible TKI of HER2 and HER1. Like lapatinib, neratinib can enhance response of trastuzumab sensitive cell lines to trastuzumab and can overcome trastuzumab resistance in cell line models of obtained trastuzumab resistance. Also, neratinib has the ability to act on cell lines that are resistant to lapatinib and therefore, neratinib may have clinical benefit in patients who do not respond to lapatinib and/or trastuzumab (Canonici et al., 2013) . Moreover, the combination of neratinib and capecitabine had a convenient toxicity profile and showed antitumor activity in HER2-positive metastatic breast cancer patients pretreated with trastuzumab and lapatinib (Saura et al., 2014) .
Erlotinib is one of the TKI that was approved by USFDA for clinical use in cancers overexpressing HER1 and is able to inhibit HER1 with IC50 values in the 1-30 nM range (Kamath and Buolamwini, 2006) . Recent study shows that the combination therapy of metformin and erlotinib may possibly have therapeutic efficacy in cancers driven by HER1 and PI3K signaling, including a subset of Basal-like breast cancers (BBC) patients and may provide a rationale for clinical study. Both of these are orally administered USFDA-approved drugs that can be translated into clinical trials and likely be an addition to other targeted drugs and chemotherapy (Lau et al., 2014) .
Afatinib is also an oral, irreversible tyrosine kinase inhibitor targeting HER1 and HER2. It shows clinical activity in trastuzumab-refractory HER2-positive breast cancer. The phase one of the study shows that the maximum tolerated dose (MTD) of afatinib was 20 mg daily combined with the recommended weekly dose of trastuzumab, with 1/6 patients (18 patients) showing dose-limiting toxicity (DLTs) in the dose escalation. However, this MTD cannot be recommended for phase II development without stringent diarrhea management. Therefore, further investigation is required for managing diarrhea (Ring et al., 2014) .
MAbs and TKIs have been identified and approved for treatment of patients with breast cancer. However, the responders acquire resistance almost without exception. Small population of tumor cells called Breast cancer stem cells (BCSCs) play crucial role in initiation, propagation, resistance to therapy and recurrence of breast cancer. Therefore, these therapies could be more effective and cause few side effects if these cells are targeted.
Breast Cancer Stem Cells (BCSCs)
Stem cells have the ability of self-renewal. Cell division in a stem cell leads to the production of at least one daughter cell that has the same characteristics of the parent (Dragu et al., 2015) . In general, stem cells are quiescent and may divide asymmetrically to generate another stem cell and one transit-amplifying cell. This provides continuation of the stem cell and the initial material for production of differentiated cells (Morrison et al., 2008) . Understanding the signaling pathways that are involved in the maintenance of cell division and differentiation of stem cells possibly will lead to greater insights about cancer stem cells capability of exponential long-term proliferation, self-renewal, and multipotency. The plasticity of stem cells permits them for the renewal of several lineages of differentiated cells during homeostasis. Normal and cancer stem cells share the property of expression of the ATP-binding cassette (ABC)-G2 transporter ABCG2 (Morrison et al., 2008 ) but ABCG2 does not express in most non stem cells (Dick, 2003) . ABCG2 has the ability to pump out a variety of cell substrates such as cytotoxic drugs, using ATP. Cancer stem cells (CSCs) can be protected from cytotoxic drugs that are being used for cancer treatment by the high expression of ABCG2 transporters (Morrison et al., 2008) . Thus, CSCs may contribute to therapeutic resistance (Morrison et al., 2008) . Breast cancer stem cells (BCSCs) like other stem cells share the same property of slow-cycling and asymmetric cell division (Morrison et al., 2008) .
BrCa-IC / BCSCs detection
The identification of breast cancer initiating cells (BrCa-IC) or (BCSCs) was obtained using a reliable NOD/SCID xenoexplant assay. According to Al-Hajj et al, the injection of single suspension of 100 enriched human breast cancer stem cells into the mammary fat pad of nonobese diabetic/severe combined immunodeficiency disease (NOD/SCID) mice, which are more immunedeficient than nude mice, causes these cells to grow tumors (Al-Hajj et al., 2003; Dick, 2003; Morrison et al., 2008) . Four cell surface markers including adhesion molecules CD44 and CD24 (Dick, 2003; Dontu, 2008) , a breast/ovarian cancer specific marker B38.1 and epithelial specific antigen (ESA) with heterogeneous expression in breast cancer tissue can be used for the identification of BrCa-IC (Dick, 2003) . A study by Al-Hajj .et al, indicates that mice injected with CD44+, B38.1+ or CD24-/low generates tumors with 100% efficiency while none of the CD44-and B38.1-injections can cause tumors (AlHajj et al., 2003) . In addition, lineage markers for all breast cancer tissue including hematopoietic, endothelial, mesothelial and fibroblast cells (Lin+) were used to show that only breast cancer tissue (Lin-) contains BrCa-IC. Lin-CD44+CD24-/low are divided depending on the expression of epithelial surface antigen (ESA). It has been found that Lin-ESA+CD44+CD24-/low cells can form tumors in NOD/SCID mice. Besides these four markers, there are several other markers that can be used to identify BCSCs (Dick, 2003) . Several signaling pathways play a role in the characteristics displayed by CSCs including HER1 signaling (Li et al., 2008) . The study performed by Li et al, suggests that HER1 signaling is required for cancer initiating cells self-renewal and that HER2-positive cancers have increased self-renewal properties, suggesting that these tumorigenic cells may be susceptible to therapeutic agents targeting this signaling pathway in vivo (Li et al., 2008) .
Targeting stem cells for elimination
Cancer therapy focus on targeting specific markers on tumor cells in order to stop the development of the tumor. These markers are overexpressed or mutated and often stand for genes, proteins or pathways considered to be crucial for the development of the tumor. For instance, Herceptin targets the HER2 protein. A number of studies show that HER2 gene overexpression accounts for around 20-30% (Baselga, 2001; Basu, 2008; Korkaya et al., 2008; Morrison et al., 2008) of human breast cancers and is associated with aggressive metastatic disease. HER2 has the ability to regulate several signaling pathways such as PI3K/Akt. The contribution of this signaling in causing aggressive tumors is still unknown (Korkaya et al., 2008) .
The stem/progenitor cell population can be identified using Aldefluor assay or immunohistochemistry that are capable of determining increased expression of the enzyme aldehyde dehydrogenase (ALDH1) in both the normal mammary gland and mammary carcinomas. Ginestier et al observed that there is a significant correlation between over expression of HER2 and expression of ALDH1, a stem cell marker, in a large number of breast cancer patients (Ginestier et al., 2007) . The regulation of mammary stem cell population may be affected by the overexpression of HER2. This overexpression leads to a rise in the population of stem/progenitor cells of both normal tissue and malignant mammary tumors. CSCs or tumor stem cells are able to mediate tumorgenesis, invasion and metastasis as an effect of HER2 overexpression (Korkaya et al., 2008) .
There is a correlation between the overexpression of HER2 and Akt phosphorylation. HER2 over expression leads to the enhancing of the phosphorylation of Akt in Aldefluor-positive HER2 stem cells. Herceptin has the ability to inhibit the overexpression of HER2 and AKT phosphorylation in sensitive but not in resistant cells. Hasan et al noted that there is no measurable effect on phospho-Akt and on phospho-HER2 in herceptin resistant cells (Korkaya et al., 2008) . They propose that the PI3K/ Akt pathway plays a crucial role in mediating the effects of HER2 signaling in breast cancer. PI3K pathway has been identified as the main determinant of herceptin resistant in breast cancer. Akt signaling also has a role in stem cell selfrenewal. New targets for cancer prevention and therapy can be obtained if the components of these pathways are identified (Korkaya et al., 2008) . A number of approaches are being developed to target CSCs, however, no single approach has proven efficient (Dragu et al., 2015) . The most crucial concerns that limit CSCs targeted therapeutics are intra-tumoral heterogeneity and potential toxicity to normal stem cells (Park et al., 2009) . A recent study shows that the metallofullerenol nanomaterial Gd@C82(OH)22, has an intrinsic inhibitory activity against triple-negative breast cancer cells (TNBC) and is non toxic to normal mammary epithelial cells. Moreover, Gd@C82(OH)22 has the ability to block epithelial-to-mesenchymal transition with resultant efficient elimination of CSCs resulting in abrogation of tumor initiation and metastasis. Therefore, Gd@C82(OH)22 is recognized as non-toxic CSC specific inhibitors with considerable therapeutic potential (Liu et al., 2015) . DOI:http://dx.doi.org/10.7314/APJCP.2016.17.2.445 Understanding EGFR Signaling in Breast Cancer and Stem Cells: Overexpression and Therapeutic Implications 
Conclusions
Targeted cancer therapy has made significant progress due to better understanding of carcinogenesis as a result of technological advancement in the field of cancer biology. A number of therapeutic agents directed against HER1 and HER2 have offered limited but promising alternatives to traditional chemotherapy improving the outcome for cancers overexpressing these tyrosine kinase receptors. These agents includes MAbs and tyrosine kinase inhibitors which have anti-tumor activity with satisfactory toxicity profiles. However, in majority of the cases there is relapse of the tumor probably due to the presence of therapy resistant CSCs. The recently identified metallofullerenol nanomaterial that is capable of eliminating CSCs while non toxic to normal tissue holds great promise in treating tumors that develop resistance attributable to its stem cell component. The use of anti-HER signal transduction drugs in combination with other anticancer agents requires additional investigations to determine clinical outcomes of anti-HERs therapy.
